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Alkyl perf luoroisobutenyl  e thers  (I) pos ses s  alkylating p rope r t i e s ,  and adducts (II) a re  formed when 
they are  reac ted  with t r ia lkylamines  [1, 2]. The obtained adduets are  easi ly  alkylated at the a - c a r b o n  
atom, being conver ted  to the acid f luorides  of a -a lkylhexaf luoro isobutyr ic  acids (III) [1]. 
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It eould be expected that under  ce r ta in  conditions the adducts (II) will be alkylated not only by alkyl 
iodides, but also by the s tar t ing e thers  (I). Aetually, the acid fluoride of a -e thylhexaf luoro isobutyr ie  acid 
(IIIb) t" is formed when a mixture  of equimolar  amounts of adduct (IIa) and ethyl perf luoroisobutenyl  e ther  
( Ib)  is heated.  

@ 
~CFa)~C~CF--O--C2H ~ ~- ~CHa)4N[(CFaj~C~CF~O! 
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Since adduct (IIa) is regenera ted  here ,  the reac t ion  should go even in the p re sence  of catalyt ic  amounts 
of this adduct. Together  with this, the (II) adduets are  formed f rom alkyl perf luoroisobutenyl  e thers  and 

;~See [1] for  previous  communication.  
t The acid fluoride of c~-methylhexafluoroisobutyrie acid (IIIa) was not detected in the reac t ion  products ,  
which excludes the possibi l i ty  of forming acid f luoride (III) via t r ans fe r  of alkyl f rom the ni trogen atom in 
adduct (ID. 
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t r i a lky lamines  even at r o o m  t e m p e r a t u r e  [1, 2], so that in the final ana lys is  the reac t ion  can be reduced 
s imply  to the r e a r r a n g e m e n t  of the alkyl per f luoro isobutenyl  e ther  (D to the acid fluoride of the c~-alkyl- 
hexaf luoro isobutyr ic  acid (III) when the reac t ion  mix tu re  is heated in the p r e s e n c e  of catalyt ic  amounts of 
the t r i a lky lamine .  Actually,  the heat ing of e thers  (I) with a smal l  amount of t r i e thy lamine  leads to the 
fo rmat ion  of the acid f luor ides  (III).* 

F 
loo-1~ ~ / 

(CFa)~ C:CF--O--R -+ (CF8)2 C--C (C2HD8 N 
(i) ~ ~ 0  

(iii) 

Ethyl e ther  (Ib) is r e a r r a n g e d  under  m o r e  d ras t i c  conditions than is methyl  e ther  (Ia), which is evid-  
ently due to s t e r i c  h indrance.  In the absence  of the t e r t i a ry  amine the methyl  e the r  (Ia) does not r e a r r a n g e  
even at 180 ~ whereas  in the p r e s e n c e  of t r i e thy lamine  the r e a r r a n g e m e n t  is not iceable even at 20~ 
Usual ly  the r e a r r a n g e m e n t  of alkyl vinyl e the r s  to C-a lky la ted  carbonyl  compounds is accompl ished under  
d ra s t i c  conditions, for  example ,  by heat ing at 200-300 ~ in the p r e s e n c e  of ca ta lys t s  (A1203, SiO2, e tc . )  [5]. 
These  reac t ions  a r e  f requent ly  acce l e r a t ed  in the p r e s e n c e  of rad ica l  in i t ia tors  [5-7]. Ally1 vinyl e the r s  
undergo r e a r r a n g e m e n t  (Claisen r ea r r angemen t )  more  eas i ly  than do alkyl vinyl e the rs .  Ally1 pe r f l uo ro -  
isobutenyl  e the r  (Ic) is r e a r r a n g e d  under  unusually mild conditions even at the moment  of fo rmat ion  to the 
acid f luoride of o : -a l ly lhexaf luoroisobutyr ic  acid (IIIc); the p r epa ra t i on  of e s t e r  (IV) f r o m  per f luoro i sobuty l -  
ene (V) and al lyl  alcohol is  explained in spec i f ica l ly  the s ame  manner  [8]. 

F 

(CFa)~ C=CF2 -(CF2)2 C=CF (CF@~ C--C/ 0CH2CH=CH~ 

+ (V) - ,  CH~ O- ,  

CH~=CHCHe 0H ~CH--CH~/ CH=CH2] [ ~ 0  CH~CH=CH2 (IV) 
(Ic) (IIIc) 

In the same  pape r  [8] is desc r ibed  some  other  c a se s  of faci le  Cla i sen  r e a r r a n g e m e n t  for  allyl  vinyl 
e the r s  that have f luor ine-conta ining subst i tuents  in the vinyl group. It could be expected that a s imi l a r  r e -  
a r r a n g e m e n t  will  go when te t rak i s ( t r i f luoromethy l )a l l ene  (VI) is r eac ted  with ally1 alcohol.  Actually, the 
al lyl  e ther  of the enol (VII) that is fo rmed  h e r e  is eas i ly  r e a r r a n g e d  to the cor responding  allyl ketone 
(vii i) .  

(A) CFa CFa (C) (D) CF3 CF8 (E) 

\C=C_CH / \ / (CF3)~ C=C=C (CF3)2 + CH~ = CHCH~OH --, ~ C--C--CH 
. /I 11 \ 

(VI) (B) CF~ / ~CF~(C) (D) CF8 ~ O CF3(E) 

OCH~CH=CH~ CH~CH=CH~ 
(VII) (VIII) 

The in te rmedia te  fo rmat ion  of e ther  (VII) was p roved  by means  of the F 19 NMR spec t r a  (Fig. 1). As 
a resu l t ,  in the Cla isen  r e a r r a n g e m e n t ,  the s ame  as in the r e a r r a n g e m e n t  of alkyl per f luoroisobutenyl  
e the rs ,  f luor ine-conta ining subst i tuents  in the vinyl group make the reac t ion  go m o r e  eas i ly  in that they faci l i tate  
rup tu re  of the al lyl  - oxygen (or cor respondingly  alkyl - oxygen) bond. In this connection the r e a r r a n g e -  
ment  of allyl  vinyl e the r s  of the (Ic) or  (VII) type does not r equ i re  ca ta lys t s ,  s ince the nucleophilici ty of the 
cen t ra l  ca rbon  a tom of the per f luoro isobutenyl  group is suff icient  for  its i n t r amolecu la r  alkylation. In the 
case  of alkyl p e r f u o r o i s o b u t e n y l  e the r s  (Ia, b) the d i rec t  i n t r amolecu l a r  r e a r r a n g e m e n t  is difficult, s ince 
the cor responding  t rans i t ion  s ta te  is much l e s s  favorable .$  

*See [3] for  the p r e l i m i n a r y  communica t ion  on this reac t ion .  
t E t h e r  (Ia) decomposes  when heated at 400 ~ with the fo rmat ion  of b is ( t r i f luoromethyl )ketene  and the 
acid f u o r i d e  of o~-hydrohexafluoroisobutyric acid [4]. 
SA f o u r - m e m b e r e d  cyclic  t rans i t ion  s tate  is pos tula ted  as being one of the poss ib le  var ia t ions  in the 
r e a r r a n g e m e n t  of t r i f luoromethyl  t r i f u o r o v i n y l  e the r  to the acid f luoride of per f luoropropionic  acid 
under  v e r y  d ras t i c  conditions (595 ~ [9]. 
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However ,  during the t r ans fo rma t ion  of the alkyl per f luoro isobutenyl  e the r s  (Ia, b) to the (II) adducts 
the nucleophil ie i ty  of the cen t ra l  carbon a tom is i nc reased  sharp ly  and it now becomes  poss ib le  to effect  
alkylat ion using var ious  alkylating agents,  including e thers  (Ia, b) t hemse lves .  The r e a r r a n g e m e n t  of alkyl 
per f luoro isobutenyl  e the r s  is a convenient method for  the p r e p a r a t i o n  of the acid f luor ides  of a - a l k y l h e x a -  
f luoro isobutyr ic  acids (III),* which, in turn, can s e rve  as in t e rmed ia tes  in the synthes is  of o ther  organO- 
f luorine compounds.  Thus,  the sa l t s  of c~-alkylhexafluoroisobutyric  acids (IX), eas i ly  fo rmed  by the hy-  
d ro lys i s  of acid f luor ides  (HI), a re  conver ted  when heated to 2-a lkylpentaf luoropropylenes  (X). 

* P r e v i o u s l y  acid f luor ides  (IIIa, b) were  obtained by the alkylat ion of the adduct of the acid f luoride of hexa-  
f luoroisobutyr ic  acid and t r i e thy lamine  [10, 1!] .  
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CF3 CF~ CF~ CFa CF3 F (B) 

__---> \ c /  o~ N~off \ a /  \ 
R / NCOF R / COOK (Na) F (A) 

(Ill) (IX) (X) 
a : R=CH3 ; b: R=C2H~ 

In this way were  obtained the difficult ly access ib le  2-methylpentaf luoropropylene  (Xa) and the p r e v i o u s -  
ly unknown 2-e thylpentaf luoropropylene  (Xb). 

It is in te res t ing  that the r a t e  of r eac t ion  of acid f luor ides  (IIIa, b) with nucleophilic reagents  is d e t e r -  
mined  by s t e r i c  h indrance.  Thus,  in o rde r  to obtain the ethyl e s t e r  of c~-ethylhexafluoroisobutyric acid 
(XI) it is n e c e s s a r y  to ref lux  the e thyl -subs t i tu ted  acid f luoride (IIIb) with alcohol.  

At the s a m e  t ime,  
t e m p e r a t u r e .  

(CF~)~ C--COF 
I "-t- C2HsOH 
C2H~ 

{IHb) 

reflux 
(CF~h--C--COOC~H~ 

i 
C~H~ 

(XI) 

the methy l - subs t i tu ted  acid f luoride (IIIa) r e a c t s  eas i ly  with alcohol even at room 

EXPERIMENTAL 

The N-MR spectra were taken on a Perkin-Elmer R-12 spectrometer using hexamethyldisiloxane as 
the internal standard. The F 19 NM~ spectra were taken on a Hitachi spectrometer (operating frequency 
56.46 MHz) using CF3COOH as the external standard. The chemical shifts are given in parts per million 
(ppm) from (CH3)4Si or CF3COOH , respectively. 

Acid Fluoride of e~-Methylhexafluoroisobutyric Acid (IIIa). To 5 g of methyl perfluoroisobutenyl 
ether (la) was added six drops of absolute (C2Hs)3N and the obtained mixture was heated in a sealed ampul 
on the boiling water bath for i0 h. The ampul was opened, another two drops of absolute (C2Hs)3N was 
added, and the mixture was heated in a sealed ampul for another 23 h. Distillation gave 4.2 g (84% of theo- 
ry) of (Ilia) with bp 47-49~ From [I0]: mp 47-47.5 ~ (753 mm). NMR spectrum: 5CH 3 1.81 (singiet). F 19 
NMR spectrum: -6.7 (CF3, doublet), -118 (COF, heptet), JF- F 9.7 Hz. 

The treatment of (Ilia) with methanol gave an ester that was chromatographically identical with an 
authentic sample of the methyl ester of ~-methylhexafluoroisobutyrie acid [12]. From (Ilia) and C6H5NH 2 
in ether solution was obtained the anilide of a~-methylhexafluoroisobutyric acid, yield 79% of theory, rap 
60-65 ~ The mixed melting point with an authentic sample was not depressed. From [I0]: mp 67 ~ 

The rearrangement of ether (la) to (Ilia) in tetrahydrofuran (THF), in the presence of (C2H5)3N , be- 
comes noticeable even at 20 ~ (NMR spectra). However, in the absence of (C2Hs)3N , ether (Ia) remains un- 
changed even when heated in a sealed ampul at 180% 

Acid Fluoride of e~-Ethylhexafluoroisobutyric Acid (IIIb). A mixture of 28.3 g of ethyl perfluoroiso- 
butenyl ether (Ib) and approximately 1 ml of absolute (C2Hs)3N was heated in a sealed ampul for 22 h at 150~ 
Distillation gave 23.9 g (84%) of (IIIb) with bp 73-75 ~ and n~ 1.3082. From [II]: mp 75-76.5 ~ (755 ram); 
n~ 1.3049. F ~9 NMR spectrum: -10.3 (CF3, doublet), -III (COF, heptet), JF - F 10.5 Hz. 

A mixture of 3.24 g of adduet (la) with (C2Hs)3N (IIa) [I] and 2.69 g of (Ib) was heated in a sealed ampul 
for 18 h at 120 ~ and for 15 h at 145 ~ The volatile products were evaporated in a vacuum system and con- 
densed in a trap, cooled in liquid nitrogen. We obtained 2.47 g (92%) of acid fluoride (IIIb) with bp 76-78 ~ 
which was chromatographically identical with an authentic specimen. Based on the GLC data, the product 

is practically devoid of (Ilia). 

Into 8.12 g of (113) was passed a small amount of anhydrous (CH3)3N, in which connection a precipitate 
was obtained. The mixture was refluxed for approximately 1.5 h, in which connection rearrangement was 
not observed (the boiling point of the liquid (113-114 ~ failed to drop). A sufficient amount of absolute 
CH3CN was added so that the reflux temperature of the mixture was I00 ~ The mixture was refluxed for 9 
h; here the boiling point ofthe liquid dropped to 88 ~ Several drops of absolute (C2H~)3N were added, and the 
mixture was refluxed for another 17 h (the reflux temperature of the liquid dropped to 82~ From the mix- 
ture was distilled 3.64 g of crude (IIIb) with bp 73-90 ~ Based on the data of the N-MR spectra, the product 

contains CH3CN and the starting ether (Ib). 
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From the crude acid fluoride (IIIb) and aniline was obtained the anilide of c~-ethylhexafluoroisobutyric 

acid, mp 51-56 ~ NIVIR spectrum: 5CH 3 1.11 (triplet), 5CH 2 2.31 (quadruplet), 6CGH8 ,~7.5 (multiplet), 

JCH 3 _ CH 2 7.5 Hz. F 19 NMR spectrum: -13.3 (CF3, singlet). Based on the TLC data (in a mixture of 
acetone and hexane on A1203) the product is contaminated with the anilide of a-hydrohexaflnoroisobutyrie 

acid. 

l-Allyl-l,l,3,3-tetrakis(trifluoromethyl)aeetone (VIII). A mixture of 2.98 g of tetrakis(trifluorome- 
thyl)allene (Vl) [13] and 0.7 g of allyl alcohol was refluxed for 1.5 h (the temperature of the boiling liquid 
gradually rose from 50 up to I00~ Then the mixture was heated on the boiling water bath for I h, cooled, 
washed with water, and dried over CaCI 2. Distillation gave 2.56 g (71%) of ketone (VIII) with bp 133-135 ~ 
and n~ 1.3313. Found: C 32.52; H 1.66; F 60.64%. CIoH~Ft20. Calculated: C 32.43; H 1.62; F 61.62%. 
Infrared spectrum: 1643 em -I (C = C), 1750 cm -I (C = O). NIVIR spectrum: 5CH z 2.99 (broad doublet), 

5(CF3)2CH 4.77 (heptet), 5CH 2 = CH 5-6 (broad multiplet), JCH 2 _ CH 6.7 Hz. F 19 NMR spectrum: -13.6 

(FD, broad heptet), -15.0 (FE, doublet of heptets), JF D _ F E 3.3 Hz, JFE _ H 6.5 Hz. 

A mixture of (VI) and excess allyl alcohol in absolute ether was placed in an ampul for taking NMR 
spectra, and the sealed ampul was heated at 36 ~ for 20 rain. In the mixture was detected the addition prod- 
uct, namely the allyl ether of l,l,l,5,5,5-hexafluoro-2,4-bis(trifluoromethyl)-2-penten-3-ol (VII). F 19 NIvIR 
spectrum: -22.3 (FA, quadruplet of heptets), -19.4 (FB, quadruplet), -14.3 (Fc, doublet of quadruplets), 

JFA_ FB 9.0 Hz, JFA_ FC 1.7 Hz, JFc _ H 7.0 Hz. The mixture also contains ketone (VIII) (about 10%) 

and is devoid of the starting allene (VI) (see Fig. la). On subsequent heating the amount of ketone (VIII) in- 
creased up to approximately 30% (after 0.5 h at 38-40 ~ and then up to approximately 60% (after another 1.5 
h at 40-48 ~ (see Fig. Ib). On further heating of the mixture (1.5 h at 65--72 ~ practically all of the enol 
ether (VII) was converted to ketone (VIII) (see Fig. le). 

Ethyl Ester of c~-Ethylhexafluoroisobutyric Acid (XI). A mixture of 2.9 g of (IIIb) and 9 g of absolute 
alcohol was refluxed for 7 h, poured into water, and the organic layer was washed with water and dried 
over fused CaCI 2. Distillation gave 1.77 g (55%) of ester (XI), bp 134-140~ 67.3-68.0 ~ (72 ram); n~ 1.3440. 
From [Ii]: bp 63-64 ~ (70 ram); n~ 1.3433. N-MR spectrum: ~-ethyl group, 6CH 3 1.16 (triplet), 5CH 2 2.25 

�9 (quadruplet), JH-H 8.0 Hz; ethoxy group, 6CH3 1.38 (triplet), 5CH 2 4.31 (quadruplet), JH-H 6.6 Hz. F 19 
NIV[R spectrum: -10.7 (CF 3, singlet). 

Acid fluoride (IIIb) reacts slowly with alcohol at room temperature: after approximately 20 h. The 
starting acid fluoride was detected by GLC; however, after I0 days the acid fluoride is converted entirely 
to ester (XI). 

Acid fluoride (Ilia) reacts with alcohol at room temperature almost entirely in I0 rain. 

o~-Methylhexafluoroisobutyric Acid. A mixture of 5.53 g of acid fluoride (Ilia), 3 g of KOH and 14 ml 
of water was kept at room temperature for 6 days, with periodic shaking. The solution was acidified with 
dilute HCI solution (I : 5), extracted with ether, and the ether layer was dried over MgSO4, after which the 
ether was distilled off. The residue represented 4.32 g (78%) of crude ~-methylhexafluoroisobutyrie acid, 
which was obtained as hygroscopic crystals. Acid equivalent: found 214, calculated for C4H3F6COOH 210. 

From 4.29 g of c~-methylhexafluoroisobutyrie acid and 1.84 g of aniline in 7 m! of benzene was obtained 
5.13 g (85%) of the anilinium salt of o_~-methylhexafluoroisobutyric acid, mp 126-130 ~ (from dichloroethane). 
Found: N 4.62; F 37.50%. C11HItF6NO 2. Calculated: N 4.62; F 37.62%. F 19 NMR spectrum: -9.2 (CF3, 
singlet). 

2-Methylpentat2uoropropylene (Xa). A mixture of 5.4 g of acid fluoride (IIIa), 15 ml of water  and 
2.04 g of NaOH was shaken at periodic intervals  for  3 h at room tempera ture  until homogeneous.  The solu-  
tion was evaporated in vacuo. The residue represented  6.27 g of a mixture of NaF and the sodi~am salt  of 
c~-methylhexafluoroisobutyrie acid. The mixture  of sal ts  was suspended in 20 ml of absolute C6HsNO2, 
followed by s t i r r ing  at 95-100~ * In a trap, cooled in a mixture of solid CO 2 and acetone, was collected 
1.75 g (47%) of olefin (Xa), bp ,-45 ~ F r o m  [14]: bp 12-13 ~ NMR spectrum: 5CH 3 1.71 (doublet of doublets), 
JCH3 - FA 3.1 Hz, JCH 3 _ FB 3.2 Hz. F 19 NMR spect rum:  +7.5 (FA, doublet of quadruplets of quadruplets), 

+3.1 (FB, doublet of quadruplets of quadruplets),  -13.0 (CF3, doublet of doublets), JFA - FB 28.6 Hz, 

J F A _ C F  3 10.6 Hz, J F A _ C H  3 3.1 Hz, J F B _ C F  3 22.8 Hz, J F B _ C H  3 3.2 Hz. 

* The corresponding potass ium salt decomposes  even at 80-85 ~ 
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2-Ethylpentaf luoropropylene  (Xb). A mix ture  of 7.83 g of acid f luoride (IIIb), 20 ml  of water  and 3.88 
g of KOH was shaken at per iodic  in tervals  for  5 days at room t empera tu r e  until homogeneous.  The solu-  
tion was acidified with dilute HC1 solution to approximate ly  pH 2, ex t rac ted  with ether ,  and the ext rac t  was 
dr ied  over  MgSO 4 and evapora ted .  The res idue  r ep re sen ted  6.9 g (89%) of crude  a -e thy lhexaf luoro i so -  
butyr ic  acid, which was obtained as an oily liquid. Acid equivalent: found 230, calculated for  C5H5F6COOH 
224. The obtained acid was t rea ted  caut iously with a solution of 2.9 g of KHCO 3 in 15 ml  of water ,  and the 
resu l tan t  solution was evapora ted  in vacuo.  The res idue  r ep re sen ted  7.19 g (89%) of the po tass ium sal t  of 
(~-ethylhexafluoroisobutyric  acid. 

A suspension of 7 g of the obtained po ta s s ium sal t  in 15 ml  of absolute C6H5NO 2 was heated, with 
v igorous  s t i r r ing ,  at 100-110 ~ In a t rap,  cooled in a mixture  of solid CO 2 and acetone,  was collected 2.16 
g (51%) of (Xb), bp 33~ Found: C 37.38; H 3.06; F 59.63%. CsHsF 5. Calculated:  C 37.50; H 3.12; F 59.37%. 
NMR spec t rum:  5CH 3 1.04 (triplet),  5CH 22.16 (quadruplet of t r ip le ts ) ,  JCH 3 _ CH 2 7.7 Hz, JCH 2 _ FA and JCH2_FB 
~2.3 Hz. F 19 NMR spec t rum:  +8:3 (F A, doublet of quadruplets  of t r ip le ts) ,  +2.7 (FB, doublet of quadruplets  of 
t r iple ts) ,  - 1 5 . 2  (CF3, doublet  of doublets),  JFA _ FB 27.6 Hz, J F A _  CF 3 10.8 Hz, JFB  _ CF 3 22.4 Hz, 

JFA _ CH z and J F B _  CH 2 ~2.3 Hz. 

The authors  a re  deeply indebted to P.  V. Pe t rovsk i i ,  I. D. Rubin, and U. U. Utebaev for taking the 
NMR s p e c t r a  and a s s i s t ance  in thei r  in te rpre ta t ion .  

CONCLUSIONS 

1. Alkyl perfluoroisobutenyl ethers in the presence of catalytic amounts of tertiary amines are easily 
r e a r r a n g e d  to the acid f luor ides  of c~-alkylhexafluoroisobutyric acids .  The mechan i sm of the reac t ion  in- 
eludes i n t e rmo lecu l a r  a lkylat ion of the m e s o m e r i c  anion of the perf luoroisobutenola te  by the action of the 
alkyl per f luoro isobutenyl  other .  

2. When te t rak i s ( t r i f luoromethy l )a l l ene  is r eac ted  with allyl alcohol the addition product ,  namely  the 
allyl  e ther  of the enol is fo rmed  initially,  which, in the absence  of ca ta lys t ,  eas i ly  r e a r r a n g e s  to 1 -a l ly l -  
1 ,1 ,3 ,3- te t rakis ( t r i f luoromethyl )  acetone.  

3. The acid f luor ides  of the ~-a lky lhexaf luoro isobutyr ic  acids were  used as the s ta r t ing  m a t e r i a l s  
for  the p r epa ra t i on  of 2-a lkylpentaf luoropropylenes .  
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